Evidence for synaptic apoptosis.
Increasing evidence indicates that neurons die by apoptosis, an active form of cell death involving a relatively stereotyped series of biochemical changes that culminate in nuclear fragmentation, in many different developmental and pathophysiological settings. In contrast to most other cell types, neurons have elaborate morphologies with complex neuritic arbors that often extend great distances from the cell body. Neuronal death signals are likely to be activated at remote synaptic sites and, indeed, overactivation of glutamate receptors and underactivation of trophic factor receptors are implicated in neurodegenerative disorders. We now report that biochemical changes consistent with apoptosis are engaged locally in synapses. Exposure of cortical synaptosomes to staurosporine and Fe2+ resulted in loss of membrane phospholipid asymmetry, caspase activation, and mitochondrial alterations (membrane depolarization, calcium overload, and oxyradical accumulation) characteristic of apoptosis. The caspase inhibitor zVAD-fmk prevented mitochondrial membrane depolarization in synaptosomes. Studies of the effects of cytosolic extracts from synaptosomes exposed to apoptotic insults, on isolated nuclei, showed that signals capable of inducing nuclear apoptosis are generated locally in synapses. Exposure of cultured hippocampal neurons to staurosporine and glutamate resulted in caspase activation and mitochondrial membrane depolarization in dendrites, and zVAD-fmk prevented the membrane depolarization. Glutamate-induced increases in caspase activity were first observed in dendrites and later in the cell body, and focal application of glutamate to individual dendrites resulted in local activation of caspases. Collectively, the data demonstrate that apoptotic biochemical cascades can be activated locally in synapses and dendrites and suggest a role for such local apoptotic signals in synapse loss and neuronal death in neurodegenerative disorders that involve excessive activation of glutamate receptors.